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1. Introduction

Transportation asset management is a strategic and systematic process of operating, maintaining,
upgrading, and expanding physical assets effectively throughout their lifecycle. It focuses on
business and engineering practices for resource allocationtiéindtion, with the objective of

better decision making based upon quality information and-dedihed objectives [1]. One
important component of transportation asset management is inventory management, which
involves asset data collection and data tiembetween field and central offices during the
planning, design, fabrication, construction, operation, and maintenance stages of transportation
project [2]. Traditionally, inventory management focuses on collecting and maintaining inventory
and inspectin data for roadway pavement, bridges, rails, etc. In the newly revised FHWA Manual
on Uniform Traffic Control Devices (MUTCD) [3]JFHWA emphasizes new traffic sign
includingguardrail terminals-- retroreflectivity requiremenis orderto improve nighime traffic

safety. According to MUTCD, agencies are required to maintain traffic sign retroreflectivity at a
certain minimum level.

To ensure that traffic signsomply with MUTCD requirements, it is important to develop an
effective management method. The method consists of the following basic steps: locating signs,
measuring signodés retroreflectivity, recording
poor qualiy and damaged signs and/or taking other engineering actions. Even though these steps
may seem straightforward, their implementations in practice are very difficult and prohibitively
time consuming. As all traffic signs are deployed along the roadway, riteareflectivity
measurements have to be done in the field and the measurement results need to be recorded into
the database to match each traffic sign. However, the traffic signs along the roadway have no IDs,
therefore, the matching and data recordirig the database have to be done manually. Since the
number of traffic signs deployed along the roadway is huge, such a manual process is tedious,
error prone, and time consuming.

The key to mitigating this problem is to give each traffic sign a uniQue/hich allows the traffic

sign attribute data to be effectively managed. One simple ID approach is to attach a barcode to
each traffic sign. However, barcode scanning has some critical drawbacksit [irst, optical
technique. Thughe scanning nes a direct line of sight to the barcode. If the barcode is polluted

or covered (by vegetation, snow, water, etc.), its readability is deteriorated. Second, a barcode
scanner must be closely positioned to the barcode in order to read it, typicallyafeirfeet. It

means that the inspection personnel holding a scanner must stay closely in front of each traffic
sign. Third, a barcode has no read/write capabilities and does not contain any added information.
Fourth, barcode scanning is very laborioussash barcode must be scanned individually. These
shortcomings make it impossible to automate barcode scanning, making it unusable for efficient
traffic signage managemeiitherefore a differentapproach is needed.

This proposed research will explore tredio frequency identification (RFIDapproachfor
transportation signage managemdt¥ID is a wireless tracking technology that enables a reader

to activate, read and/or write data remotely between a transpordier madio frequency tag
attached to, or embedded in, an object. The technology involves three main functional elements:
RFID reader, RFID tag and RFID software. An RFID reader operates by sending an encoded
electromagnetic signal to interrogate an RFIQ astached to the object it wants to identify. The
RFID tag then responds by sending back its ID information, which could be a unique tag serial
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number and/or other object attribute data stored in its memory. The RFID software manages RFID
interrogation, prforms data processing, and interacts with other applications. Compared with the
barcode technology, the RFID technology is far more robust and supports the automation of remote
ID interrogation with minimum human intervention and no-afesight requirenent.

The aforementioned advantages of the RFID technology make it a key enabler to the development
of a mobile system that can manage transportation asset, notably the traffic signage.

In this research, we have developeud@bile traffic signage managent system. In this system,
RFID tagsareattached to traffic signs deployed along the roadway and an RFID reader mounted
on a survey vehicle perfosRFID tag interrogation and programming while moving at a driving
speed. In additiorg handheld readés used to allow manually interrogate and program RFID tags
which add more system flexibility. Aackend database developed to manage the tag attribute
data.

Based on the communications with Vermont Transportation Agency (VTrans), i$ilao&ing

for a system that can achieve remote interrogation at 60 feet distance and vehicle driving speed of
60 mph. Therefore, thigrojecthas two R & D aspects: Developingall proposed functions of

the mobile traffic signage management system;E&ploring viability to achieve VTrans
specifications, evaluating realistic specifications that can be achieved with current RFID
technologies, and suggesting possible methods to leverage system performance.

This report provides a synthesis of all of tie@orts that were created during the RFID project.

This isnota chronological accounbut an organized synop®§our findings as we summarized
briefly in each quarterly report along with a
and endavors.

Project Tasks

The project consists of the following 10 subtasks.

Task 1: Conduct analysis on RFID traffic signage management criteria that will serve as guidelines
for the development and configuration of transcediauits on an RFID reader and RFID tags.

Task 2: Laboratory study of handheld, stationary, mobile RFID reader circuits.

Task 3: Laboratory study of RFID tags, including active, semiive and passive tags.

Task 4: Develop RFID scans and data acquisition program andrériesedly graphical interfacéGUI).

Task 5: Develop a traffic signage management database.

Task 6: Develop methods for mounting RFID tags on signs and RFID readers on the vehicle.

Task 7: Integrated RFID system.

Task 8: Perform field tests and debug the RFID system.

Task 9: Evalude statewide deployment of the RFID technology for traffic signage managantent
exploreotherintelligent transportation services.

Task 10: Submit project reports and disseminate research results.



2. RFID Hardware Study
Task 1:Conduct analysis on RFID traffic signage management criteria that will serve as guidelines
for the development and configuration of transceohauits on an RFID reader and RFID tags.

The focus of the proposed woftr the first month was on conducting a comprehensive
study of RFID system specificatignselecting and comparing different RFID products (i.e., tags
and readers) and their functadrparameters, and identifying appropriate ones. To this end, we
acquired a number of different RFID tags and performed a series of tests both indoors at UVM
laboratory and outdoors on UVM campus. In these tests, RFID tags of different types were
evaluatedn various configurations (e.g., metak. nonmetal mount, scan distance, stationary vs.
moving scan)We report below the test results obtaine

2.1RFID Tags
Task 3:Laboratory study of RFID tags, including active, seiive and passive tags.

Y =
K -

Tag 13- XTREME RFID VX-Mid MM

Tag 14 — Omni-ID Exo 750

Fig. 1. RFID tags used in the tests.

Fig. 1 and Table 1 show RFID tags used in the tesish are all passive tags. We inquired
with multiple vendors about active RFID tags as well as passive tags. According to the vendors,
the lifetime of most active tags is approximately gear,and the pricef each tags typically in
the range of 30 - $100 These can be critical limiting factors in traffic signage management
Therefore, we have decided to evaluate only passive RFID tags with regard to the functional
specifications mentioned above in Section G.a (Kickoff Meeting). (Evaluation of active &§4D t
was deferred until other products became available and in the end was suspended.)



Table 1. RFID tags used in the tests.

Number Name
1 CONFIDEX SILVERLINE
MICRO
2 CONFIDEX SILVERLINE
SLIM
3 CONFIDEX SILVERLINE
CLASSIC

4 OmntID Fit 210
5 OmntID Flex 600
6 OmnkID Flex 800
7

8

OmniID Flex 1200
OmniID Flex 1600

9 OmnkID 1Q 600

10 OmniID 1Q 400P

11 TAGEOS EOS500

12 OmniID 1Q 800

13 XTREME RFID VX-Mid MM
14 OmniID Exo 750

The scan distances measured using these RFIDutadsr various test scenarios are
presented below.

We have tried 12 different types of RFID tags, of which 10 are for metal mounting and 2
are for nonmetal mounting. Metalount tags were placed on metal substrate and nornmetait
tags were placed on noetal substrate, and the scan distance was measured for each tag. Table 2
summarizes the results comparing the measured distance with the distance specified in the product
datasheet. First of all, nonmetabunt tags on nonmetal substrate gave a far Iesgar distance
than metaimount tags on metal substrate.

Table 2. Scan distances measured and specified.

Tag Name Measured Distance | Specified Distance (per
Datasheet)
Metalmount Metal substrate
CONFIDEX SILVERLINE 1ft 5ft
MICRO
CONFIDEX SILVERLINE 3ft 13ft
SLIM
CONFIDEX SILVERLINE 7.5ft 20ft
CLASSIC
OmniID Fit 210 1ft 9.8ft
OmniID Flex 600 3ft 19ft
OmniID Flex 800 8ft 26ft
OmnkID Flex 1200 6ft 39ft




OmntID Flex 1600 7ft 52ft
OmniID 1Q 600 1.5ft 19ft
OmniID 1Q 400P 0.6ft 16ft
Nonmetalmount Nonmetal substrate

TAGEOS EOS500 31ft 32ft
OmniID 1Q 800 52ft 32ft

There weresignificant discrepancies between the distance measured in the test and the
di stance published
with the RFID reader used in the test, shown in Fig. 2. The reader iskaaradel one purchased
from Amazon.com. To work around the delay in the project account setup, we ordered this low
cost simple reader from an alternative account.

Effectivescandistancewhen plasticsheetsare insertedbetweenatag and

metal substrate

m 4 sheets

3 sheets

i n

2 sheets m 1 sheet m0 sheet

t he

vendor 6s

dat asheet s

Fig. 2. Spacing test result (see Fig. 1 and Table 1 for the tag information).

Fig.2 shows the test resultsr metal substrate testingor tag 8 and tag 12, increasing the
spacing resulted in increasing the effective scan distance noticeably. The trend seems to be
opposite for the tag 6, however. Our speculation is that tag 6 hasr@ulifpackaging, in a plastic
casing (see Fig. 1), and it may be reducing the effect of the spacing. These findings can be utilized
for the design of RFID tag mounting structure.



Proximity Test with Nonmetal Tags Installed Near Metal Substrate

Fig. 3. Nonmetal tags at different distances from metal plate.

To examine the influence of metal substrate on the scan distance of a nenmetatag,
the tags were placed at different distances from a metal plate (s&fdighe setup). This test
structure

assumed a RFID tag new
metal plate or pole.

Table 3. Scan distance for different s

mount i

pacing between metal plate

Distance between metal plate and tag Measured scan distance
Horizontal Vertical
orientation orientation

<0.25inch 2ft
2 inches 21ft 10.5ft
4 inches 20ft 10.5ft
6 inches 35ft 9.5ft
8 inches 22ft 35ft
D (no metal plat 521t 41

Table3 shows the result for a tag Omi 1Q 800, a nonmetainount tag (see Fig. 1 and

wh e

Table 1). As expected, increase in the distance between metal plate and tag tends to result in
increase of the scan distance, but the effect does not seem that significant.

2.2 RFID Readers

Task 2:Laboratory study of handheld, stationary, mobile RFID reader circuits



2.2.1 Invehicle RFID Reader

Our efforts thus far have included the selection of an RFID reader, antennas, and tags
whose specifications fit our stated goals. Each reader itself is essentially a miniature computer in
the same vein as a Raspberry Pi that has all the necessary |/@epartsd for connecting to
antennae and to a paired computer. Many readers, such as our chosen Sargas model, contain on
their internal memory pristalled programshatallow a connected computer to directly access
the incoming data through a web inteda Readers include Ethernet ports allowing a direct to
computer local area (LAN) connection and threaded cables for connection to the required antennas.
RFID tags are transponders to the antenna, and typically contain an integrated antenna and a
programake memory chip. The operating frequency of a tag and a reader should be in a same
frequency band, which in our case is 902 to 928 MHz (FCC). They receive waves sent by an
antenna and bounce them back to t hepicalyatagnnaos
| D. This I D can be modified dynamically (i.e.

Fig.3 shows the proposed RFID system including the RFID reader, the antenna and the
RFID tags. The RFID reader we are using was purchased from ThingM8grg@s. It is a high
performance, two antenna port, UHF reader in
available, to allow two antennas to face toward different directions to extend the coverage.

A \

OmniID Flex 1200

RFIDantenna (top) and reader (bottom) OmnilD Exo 750

Fig. 4. RFID system configuration.

Table4 shows the specifications of the RFID system. After a series of tests on different
RFID tags, we have selected two highest performance tags as the objective tagh) Ghari
1200 and OmnID Exo 750. OmnilD Exo 750 has a more stable performance witlpligstic
packaging, whereas Omt Flex 1200 is less expensive.

Table 4. RFID systemspecifications

Specification Values
Air Interface Protocol EPC Gen 2V2 ISO 180063
Operating Frequency Global 865956 MHz
Antenna Gain 7 dBic (865870 MHz)

7.5 dBic (902928 MHz)
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6.5 dBic (950956 MHz)

Transmission Power 0 dBm to +30 dBm (1 W)
Dimensions | Reader 87 x 80 x 23.8 mm (3.4 x 3.1 x 0.94
in)
Antenna | 190x190x 30 mm (7.5x7.4x1.2
in)
Weight Reader 0.27 kg (0.60 Ibs)

Antenna | 0.80 kg (1.76 Ibs)
Operating Temperature | -20 to +60°C 4 to +140°F)

Maximum OmniID | 76 feet (oAmetal)
Read Flex 1200 | 7 feet (nonmetal)
Distance OmniID | 55 feet (oAmetal)
Exo 750 | 45 feet (nonmetal)
Price OmniID | $1.75 Per Tagl00 Tags)

Flex 1200 | $0.86 Per Tag (900 Tags)

$0.79 Per Tag (4,500 Tags)
$0.75 Per Tag (9,000 Tags)
OmniID | $4.9 Per Tag (10 Tagé)possibly
Exo 750 | with a significant discount for bulk
order

2.2.2.RFID ReadefTest
Reading Range Tests

severalexperimentsve conductedn the RFID system to test its approximate reading
range. The experiments took place in a parking area near UVM Harris Millis Residende. Fig.
shows an insitu view of the testing site.

Fig.5. The RFID system maximuneading range test.



In the experiment, the antenna was attached on one side of the vehicle in stationary (i.e.,
not moving). In practical deployment of the system, some mechanical support structure could be
utilized to make antenna face toward a sign iraagle. Besides, the RFID tag (Onribi Flex
1200) was attached on a metal plate that emulated the traffic sign. The maximum reading range
detectedvas approximately 76 feet in the distance and 15 feet in the width.

Distance test

The signal strength RSSlas measured for different distances. Eighows the result.
Evidently, the signal strengthecameweaker when reading taggasmoved farther away. The
weakest signal detectable wa&€ RSSI.

Signal Strength vs. Range (outdoor)
=30 v T T T T T

a5
40|
45
50

55

RSSI

60

65

-Tor

-T5T

e

80 . .
40 50
Range(feet)

Fig.6. The relationship between RSSI and reading range.

L
0 10 20 30 60 70 80

Height test
Fig.7 illustrates the setup of heights in the mounting height test, and Jabtavs the test
results. The height number 3 (i.e., 3ft 10in) is at the same height as the antenna placed on the
vehicle. The conclusion is that a tag could be mediat any height on the pole without affecting
the reading performance significantly.

%

o5

Table 5. Signal strength vs. height (measured at 8
feet from the antenna).

ig. R'FID tag mountin

e
g height.
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Number Height RSSI
1 6in -60
2 2ft 8in  -42
3 3ft 10in -45
4 5ft 2in  -57
5 6ft 4in  -65



Angle test

Scanning angle also played a role in the signal strength, as shown irf6Tdbieg an antenna at
a static heightrom a distance of 15 feét the tag, we tested various heightssign in order to
determine the results of various angles.

Table 6Signal strength vs. angles (measured at 15 feet distance)

Angle RSSI
(degree)

0 -79
30 -60
60 -58
90 -55
120 -50
150 -58
165 -79

Obstruction test
Given that traffic signs and guardrail terminals are placed alongside the road, RFID tags

on them may be behind various obstacles, so experiments were done to emulate such conditions.

Two cases are shown in Figi in onecasethe tag was covered by adk blob of snow (left)

and in the othecase, the tag wddocked by a thick bush (right). The test results are summarized
in Table7. It is discovered thatnless the tags are fully covered by snow or bush, they can be
detected well. Thesscenarioshauld be rare in the real deployment.

Fig. 8. Different obstacles tests.

Table 7. Received signal strength indication (RSSI) (under different conditions (measured at 8

feet from the antenna). ( N/ A means i
Condition RSSI
Normal (no obstruction) -58

Tag covered with-Inch thick snow| -62
Tag covered witls-inch thick snow] N/A
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Tag blocked by a wood stick -58
The car window rolled up -58
Tag inside a thick bush -78
Tag behind a thick bush N/A

Speedless

Some field tests were done on this RFID system when the vehicle was moving. The location

of the experiments was the Jeffords Hall parking lot on UVM campus. The tegtewiasmed

during the school break and a care was taken to ensure that no othem@esagieund. The vehicle

droveondifferent trails with 10 feet, 25 feet, 51 feet,67 feetdistancerom the tag (see Fi@).
The driving speed was 20 mph. The RFID tag was detected in every trail andusli@rwas

displayed correctly on the computer connected to the RFID reader.

Fig.9. Field test with different distance.

Tests were performed with
height of approximately 50 inchkabovethe groundThe reader was held by one researcher on the
window in order to maintain perpendicularity while another researcher drove the car around a loop

in the parking lot shown in Fi@. In each iteration of the test, it was ensured that thB R¥ader

t he

reader

mount e

was maintainedat the approximatglanneddistance while the vehicle was on cruise control to
maintain a constant speed of 20 mph. Tests were successful at all distances tried.
The parking lot in which the test was performed only allowed us to test up to 67 feet
distance at which distance the reader could still perform multiple successful reads on each pass.
Further test at a longer distance can be performed in a differesitéest
Traffic signs on either side of the road can be covered with two antennas mounted on a
vehicle, facing opposite sides (see Hi).. The feasibility of this configuration was validated in a

field test.
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Antennal

(&)

Fig. 10 Two antennaare operatin@gt the same time.

Reader Antenna Test

Fig. 11shows the photo of the two antennas acquired and used in this project. SecureContol
was used during the first month (September), and Invbagdeen adoptesince thenTable 8

shows theispecifications.

Fig. 11. The two antennas acquired: Invengo (left) and SecureControl (right)

Table 8. Specifications of the two antennas.

Parameters| ThingMagic Sargas | SecureControl
Operating | FCC (902928 MHz), | FCC(902-928 MHz)
frequency | ETSI (840868 MHz)

Gain 12 dBi 8 dBi

Polarization| Right hand circular Circular

Beamwidth |4 5 e N/A

Dimensions| 16.97 x 16.97 x 2.36in 16.93 x 3.94 x 10.24ir
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The S11 parameteof the two antennaseremeasured using a network analyzer (Keysight
N5277A) forin the frequency band spanniingm 500 MHz to 1GHz. (S11 is the input return loss
of a device under test which indicates the reflection of the antenna and the efficiency of the signal
transmissior) The resuls are fiown in Fig.12. The FCCspecifiedRFID operating frequency
band (902928MHz) is shownbetween two dashed lineShis plot shows that the Invengo
ant ennaods inrtretoperating frequersy band below -20dB which is less than
SecureControl antenisa

Return Loss(dB)

|
|
|
|
|
|
|
|
|
|
|
|
|
T
|
|
1
I
-20 |
|
|
|

25 L1
500M &00M T00M 800M 900M 1G

Frequency(Hz)

Fig. 12 Measured S11 value of the Invergatenna and the SecureControl antenna.

The radiation patterns of Invengo antennas is shown in Biglnlthe polar plot, the
numbers around the circle represent the angular direction, and the concentric rings indicate antenna
gain (Unit: dBi). For Invngo antenna, as it is a linear polarization antenna, its radiation mainly
exists in a single plane {fare), shown in Figl3. While for MTI antenna, as it is circular
polarization antenna, its radiation field exists in two orthogonal planes, which are azimuth plane
(AZ-plane) and elevation plane (Fllane). The corresponding radiation patterns are plotted in
Fig. 14. Note, both antenna gains are around 8.5 dBi. However, MTI antenna allows signal
radiation and receiving in two orthogonal planes, which enables scanning RFID tags in arbitrary
orientations.

E Phase

Fig 13. Radiation pattern of Invengmtenna.
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MT_242043NRHK_AZ _PLANE Freq: .902 GHz MT_242043NRHK_EL_PLANE Freq: .902 GHz

Fig 14. MTI antenna radiation patterns on two orthogonal plaagsuth plane and elevation
plane.

2.2.3HandheldReader

The handheld reader is used for individual tag reads to display or modify the relevant tag
information (Fig. B). In our system, the handheld reader has the requirements of using an iOS
platform (as opposed to Windows or Android) and being able to connect to a remote database (on
Microsoft SQL Server). To meet both requirements, a mobile RFID reader firmware, ognsisti
of TracerPlus and TracerPlus Connect, is adopted in conjunction with Zebra handheld reader.
TracerPlus is customized to support filtering, reading, displaying, and saving RFID tag data in the
same manner URA does forwehicle reader. TracerPlus C@wt provides database connection
and synchronlzatlon of data to and from an SQL Server.

ID (15
Manufacture Date  (3/4/2019 12:00:00
Installation Date 12212019 12:00:00

Comments Field Test Tag D, grey

Retired E)

Replaced  (12/30/1999 12:00:00 AM
Sign Age E;g;rg
TWN_TID [UOO-0405

(S N ) SR S N S

ql:lu FJUI 1955y ]kuux jessy

>
TWN_MI 6 681 a
QCFLAG 5 ".:.I.'
MIN_TWN_FM CJ
MAX_TWN_FM 5
SR_SID (057 )
Sign Height [30 J
Sign Width [;:,g J

[ Done J [ Submit ] [CIearAII] [ Done ] [ Submit ] [CIearAII]

Fig. 15 Photo of the handheld reader and the interface of the operating software.

In deployment, the handheld reader connects to an iOS device via Bluetooth. When the
trigger is pressed, the reader scans the ID of a tag in the close point of view and, given the ID,
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retrieves the pertinent tag data from the database and displaystinesitidn on the screen of the

iIOS device. The tag data can then be edited and written back to the SQL Server. Any such changes
to tag data are reflected both locally on the reader and remotely in the database on the server
(details will be discussed inglSoftware and Database Organization section).

2.3 Passive, Active and Seractive RFID Tag Performance
Task 3:Laboratory study of RFID tags, including active, seiive and passive tags

There are aariety of RFID tags available on the markdtherefore, it ispossible to test
many different tags and compare their performances before settling on a few strong candidates for
high speed testing, largely based on the capability of-thsigance reading and the require
substrate for the tag itself. Some tags are nsgtetific (i.e., must be mounted on a metal surface
to function properly), some tags are nonmsfacific (i.e., must not be mounted on a metal
surface), and some are megginostic (i.e., may or may nboé mounted on a metal surface)

The new RFID reader, Sargas, purchased from ThinkMagic showed a great improvement
over the older provisional one (SecureControl) in term of the detection range (se®)T&luje
16 shows the RFID tags used in the test. Eigshows the setup for the tests, where the reader is
fixed in its position while the tags are moved to find the maximum reading distance.

Table 9. Maximum reading distances for the different passive tags.

Tag# | Orientation | Substrate | Price ReadingDistance (feet)
Sargas| SecureControl | Datasheet

6 Horizontal | Metal $29 for | 21.25 |8 26
Vertical 10 49

14 Horizontal | Metal $49 for | 55 19 36.1
Vertical 10 50
Horizontal | Nor- 48 12
Vertical metal 38

12 Horizontal | Nor- $480for | 33 41 32
Vertical metal 1000 55 52

7 Horizontal | Metal $0.86per| 15 6 39
Vertical for 900 |55

' 7% /0/‘{{4’/‘!///0”
J /
OV AT | %/)/“’«’4’;/!///,,,,

1y,
%
///////////I//
Fig. 16. RFID tags used in the experiment. (From left to right are tag 6 (@rfiex 800), tag

14 (OmntID Exo 750), tag 12 (Om#AD 1Q 800), and tag 7 (Om+iD Flex 1200).)

I\

]

%
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Fig. 17. Experiment configuration.

Distinctions among passive, active, and seamtive RFID tags

1 A passivdag has no internal power sourcaelteivesenergy transmitted by the RFID antenna
to have its coiled amtina energized. It then uses the eneeggivedo read the tag data and
transmitit with the embeddedntenna. Passive tags can have a variety of specifications and
casings depending on the intended use. Some tags are highly durablegreonaele for
extreme temperatures, soraee modefor long-distance reads, etc. These tags often cost
between $0.25 at the low end and $5 at the very top end.

1 An activetag is internally powered by a battery and is therefore more limited in lifespan and
far more expensive. However, since it powers its own antenna, it provides a much greater
reading distance. Active tags can cost from $20 to $100 depending on the ubescase
industries require tags that are both long distance and highly durable.

1 A semiactivetag has a battery in ihoweverthe battery does not power a RFID transmitter
Instead it onlypowers a small logic circuit board of sensors and memory integrated with the
passive RFID tag. Senaictive tags typically store extra amount of data compairtbdpassive
tags.As the battery is not used to power the tag transmitter, the signal transmission distance of
the semiactive tag is essentially the same as that of the passive tag.
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Conparisonsof 4 passiveRFID tags

There are a large variety of RFID tags. To select appropriate tags for this project, we
consider several main factors: substrate, reading distance, casing and price. Note, as most traffic
signs are built by metal, the tags need to support metal substrafgefations.

In Table10, four different taggFig. 13)are selected for comparisordl these tags are operable

on metal substrate. The experimental setup shown in Figure 14 was used here as well , where the
reader is placed at a fixed location lghthe tags are moved from the reader to evaluate the
maximum reading distance.

Table 10. Maximum reading distances for different passive RFID tags.

Tag|Orient/Subst Pri (Reading Distance (fe
€ Sar ¢l zar |[Meng|(Dat ashe
S Cont
Omn|Hori zo/Met al|$29 |21. 4 8 26
1 D Vertic 10 49
FIl e
800
Omn|Hori zo|lMet al/l$49 |55 45 19 36.1
1D NVertic 10 50 45
Ex o uni t
750|/Hor i zo|No-n 48 38 12
Vertic|metal 38 |36
Omn|Hori zo/No-n $480/ 33 45 41 32
-l D : met all{f or
| Q Vertic 100055 45 52
800 uni t
Omn|Hori zo|lMet allUni t|15 6 39
-1 D - pric
I:|eVert|c $0.855
120 for
or de
g 90
uni t
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3. Software & Database Organization
Task 5:Develop a traffic signage management database

There is a very large repository of induststilength RFID programming software, called
Mercury API, hosted by Jadakattps://www.jacgktech.com/documentation/rfid/mercuryapi/
Research has been done in consultation with Jadak technical support team to figure out the best
strategy to implement the software side of the project. (The implementations of this project include
the Sargas RFIPeader programming, GUI development, and database acéass)o the sheer
size, complexity, and cost of high functioning RFID software programs, the most feasible
development strateggto leverage the existing opaource software to carry out thesds of this
project with minimal customizations.

3.1User Interface
Task 4:Develop RFID scans and data acquisition program and dnesaaly graphical interface
(GUI).

After selectng the RFID reader (Sargas), a focused eff@s beemmade to enable the
reader actually read tag data and display them on a graphic user interface (GUI). Sargas is a
network reader, and vageable to successfully make the network connection work using the codes
built in the reader (written in programminghguage C). Then, we look into building the GUI.

Our finding is that there are two functional GUI packages, both built from the Mercury API, that
can work with the Sargas RFID reader: (i) Sargas Web User Interface (Web Ul) and (ii) Universal
Reader Assistd (URA).

The primary software for our data collection and laboratory testing is the Sargas Web Ul
for connections to the Sargas RFID reader. This software islatésrm and is currently located
on the Sargas reader itself and can be accessed fr@top/RC from a browser. The Web Ul has
the capability to collect multiple data points on tags including, but not limited to, tag ID, signal
strength (RSSI) and read frequenesich arecollected and displayed live as tag data are read by
the Sargas reademhere are usdriendly settings for reading tags with up to two antennae
simultaneously. The Web Ul is largely comprised of HTML, CSS, and Javascript and provides a
very useifriendly interface.

Unfortunately, it turns out Web Ul is not customizabletfoe purpose of this project, as
they do not release the source coddwerefore we investigae the other package, URA, for our
own customizationOn Mercury APl website, the URAource code areprovided whichare
written in a programming language calléd. URA provides efficient and smooth connection to
Sargas reader, and also collects and displays data live. The Mercury API website also has extensive
documentation for software customization of URA.

Fig. 18ashows user interface to the Sargzesder via the local network, and Fi@bshows
a screen snapshot of tag IDs captured and displayed. Both are from the Web UI.

19


https://www.jadaktech.com/documentation/rfid/mercuryapi/
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READER PROTOCOL MISCELLANEQN

'GENERAL NETWORK ’ NETWORK

SETTINGS

Automatic Hostname Hostname

© Yes 2 No Sargas

NTP server Primary DNS
pool.ntp.org 8.8.88

Secondary DNS Domain Name
8.8.4.4 thingmagic.com

Save Network Settings

© 2000-2016 ThingMagic, A Division of Trimble

Fig. 18a Connection to the Sargas reader over the network.
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Fig. 18b. User interface displaying tag information live lasyt are read from RFID tags.
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3.2Database Access and Organization

As mentioned earlier, the program provided by JADAK with the Sargas reader does not
have a connection to a database. We are using Microsoft SQL Server Express 2017 to test database
connedivity .

Fig. 19 shows a preliminary database table scherih has two tables, with the fields
based off a New England Transportation Consortium document. Moredigddnore tablesan
be added depending on tagplication needsThe table on the left BStructure table designed to
organize the structures on which RFID Tags will be placed. The table on the right is an RFID table,
meant for the RFID tags themselves.

Structure RFID
Description Tag_ID

Code RFID Code
Manufacture Date Manufacture Date
Date_Entered Date_Entered
Structure ID(PK) Structure ID(FK)
Installation_Date Installation_Date
Condition

Last Inspection Dats

Lane Direction

Comments

Fig. 19. A toy database tabkchema. (PK designates a primary key, and FK designates a foreign
key.)

In order to streamline the data collection process at high speeds, only the Tag ID field
(EPC)is transmitted and stored in the database dwsaamningours.
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4. System Mounting Structure
Task 6:Develop methods for mounting RFID tags on signs and RFID readers on the vehicle

This section summarizemechanical structuréor mounting RFID reader antennas on a test
vehicle Fig. 2Q specifically a 2015 Honda CRV. This custom vehicle mount utilizes a standard
Thule Square Bar 108 roof rackig. 22 The r emai nder of the mount
fiberglass box tubingijberglass plates and square tubing connecfbing structure can be used to
install multiple antennag-ig.22

Fig.21: Side view of the RFID antenna aadstom mount attached to the roof rack of the Honda
CRV
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Fig. 22 RFID antenna custom mount

RFID Tag mounting

Between the two types of tags chosen (i.e., Gidriexo 750 and OmAID Flex 1200), Exo 750

tags come encased in plastic packaging that is believed to be sturdy enough. Flex 1200 tags may
be fragile and, thus, mounting them inside a small case can erthampretection (see Fig3).

Fig.23. Tag mounting of OmnID Exo 750 (left) and OmnriD Flex 1200 (right).

Parts list:
1 Fiberglass box tubingviww.mcmaster.com/fiberglagép)

o 1.50 by 1.50 Outer Dimensions. 9 inche
o0 1.50 by 1.50 Outer Dimensions. 30 inch
o 1.50 by 1.50 Outer Dimensions. 36 inch
o0 1.50 by 1.50 Outer Dimensions. 48 inch

1 Square tubing connector
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https://www.mcmaster.com/fiberglass-(frp)



https://www.estoconnectors.com/product/pn-521150
https://www.estoconnectors.com/product/pn-533150
https://www.mcmaster.com/8549k48
https://www.autoanything.com/roof-racks/thule-base-rack-system
https://www.amazon.com/dp/B0000223UU/ref=cm_sw_em_r_mt_dp_U_Nc-QCbABCJ6CZ
https://www.amazon.com/dp/B0000223UU/ref=cm_sw_em_r_mt_dp_U_Nc-QCbABCJ6CZ
https://www.atlasrfidstore.com/mti-mt-242043-trh-a-k-rhcp-outdoor-rfid-antenna-global/?utm_source=adwords&utm_term=&utm_medium=ppc&utm_campaign=Search+-+DSA&hsa_src=g&hsa_ver=3&hsa_ad=290422262398&hsa_mt=b&hsa_cam=1530580318&hsa_tgt=dsa-495325224221&hsa_acc=4442410237&hsa_kw=&hsa_net=adwords&hsa_grp=58059473203&gclid=Cj0KCQjwnKHlBRDLARIsAMtMHDFdSX_BnpPicKGt4RwLD0VbySF1pePOsJ4vRsgxWkWm0Rumbtow6IMaAiOkEALw_wcB
https://www.atlasrfidstore.com/mti-rfid-antenna-mounting-kit-mt-120018/









https://maps.vtrans.vermont.gov/arcgis/rest/services/AMP/Asset_Signs_RFID/FeatureServer
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